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© Aiumina-titania composition. 



© An aiumina-titania composite, suitable for catalysts and catalyst supports, is made by controlled coprecipita- 
tion of the alumina and titania constituents of the composite. The composite contains from about 0.5% up to 
about 50% by weight titania (based on the total weight of the composite). The titania content of the composite, 
due to the controlled precipitation, is distributed throughout the composite in such a uniform manner that the 
average size of the titania particles is below about 50 angstroms and the individual titania particles cannot be 
observed by X-ray diffraction examination of the calcined composite. Due to the uniform distribution of the titania 

^content in the composite, the composite exhibits significantly improved catalytic properties in comparison to 

^ conventionally prepared aiumina-titania compounds. 
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ALUMINA-TITANIA COMPOSITION 



Background of the Invention 



This invention relates to a novel alumina-titania composite and, more particularly, it relates to a 
5 coprecipitated alumina-titania composite where the distribution of the titania particles within the composite is 
characterized by a highly uniform pattern. The uniformity of constituent distribution is demonstrated through 
X-ray diffraction examination of the calcined composite which cannot distinguish between the alumina 
matrix and the titania particles distributed within the matrix. 

Alumina-titania composites and methods for their preparation have been known for many years. Many 

w of the alumina-titania composites were employed as substrates for hydrodesulfurization catalyst where the 
composite was further combined with other catalytic metals, such as nickel and molybdenum, before 
employed in the hydrodesulfurization reaction. Alumina-titania composites were further employed directly as 
catalysts in the well-known Claus process due to their high stability and resistance to sulfur poisoning. 

Preparation of these prior art catalysts conventionally proceeded by impregnation of the alumina base 

/5 with a titanium compound, such as an acidic solution of a titanium salt, for example titanium tetrachloride 
(TiCU). followed by a thermal treatment to decompose the titanium salt to titania (Ti0 2 ). Impregnation of the 
alumina constituent with the titanium salt and subsequent thermal decomposition results in a composite of 
suitable catalytic properties and the composite can be readily employed either as a catalyst substrate or 
directly as a catalyst. While impregnation is a useful method for the incorporation of titania in the alumina, 

20 its usefulness is limited because the titania cannot be incorporated in the alumina matrix. In most instances, 
impregnation results in alumina-titania composites containing less than the desired amount of titania. 
Consequently, if high titania contents are required in the alumina-titania composite, highly concentrated 
titania salt solutions have to be employed to assure that the desired concentration is achieved in the 
composite. There is always an uncertainty regarding the final titania concentration achieved by this process. 

25 Alumina-titania composites have also been prepared by admixture of the alumina component with a 
powdered titanium compound, such as T1O2. Admixture of the two solids in the required ratios can result in 
a catalyst or catalyst substrate of desired titania content; however, the uniformity of the titania distribution 
within the alumina matrix is definitely less desirable than in the case of impregnation. Additionally, in case 
of physical admixture, each of the individual components must be of substantially equal particle size and/or 

30 particle size distribution in order to ensure uniformity of the mixture. This requires extensive labor and 
expensive equipment. Notwithstanding the availability of suitable grinding and mixing equipment, uniformity 
of the composite from batch-to-batch is not assured. 

Coprecipitation techniques for the preparation of alumina-titania supports or catalysts were not preferred 
by the prior art. The reasons for selecting methods other than coprecipitation for the preparation of alumina- 

35 titania composites resides in the solubility of the commonly employed titanium salts. For example, when 
titanium, tetrachloride is used as the titania precursor in the alumina matrix, the titanium salt has to be 
dissolved in an organic solvent. As a result, the alumina salt used has also to be soluble in an organic 
medium. Even if both the aluminum and titanium salts are dissolved in organic solvents, the produced 
composite, apart from the economics of using organometallic starting compounds, lacks the desired 

40 uniformity as far as the titania distribution within the alumina matrix is concerned. The reason for this lack of 
uniformity resides in the differing rates of decomposition and the difficulty of controlling the decomposition 
at the usual processing temperatures. Additionally, the use of organometallics may involve environmental 
and hearth considerations, which reduce the attractiveness of the coprecipitation process employing 
organometallics. 

45 It has now been discovered that a coprecipitated alumina-titania composite, generally containing titania 

in excess of about 0.5% by weight and up to about 50% by weight, can be readily prepared using inorganic 
alumina and titania starting materials. The calcined composite, prepared by the instant method, exhibits 
such uniform distribution of the constituents that X-ray diffraction testing of the calcined composite fails to 
detect the titania in the alumina matrix. This uniform distribution of constituents assures significantly 

50 improved performance for the composite when employed either as a catalyst substrate or as a catalyst. 



Summary of the Invention 
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An atumina-titania composite, containing uniformly distributed titania in an amount within the range from 
about 0.5% up to about 50% by weight (calculated as Ti02 and based on the weight of the composite), is 
prepared by coprecipitating inorganic aluminum and titanium salts. The coprecipitated composite in 
calcined condition is characterized by such a uniform distribution of the constituents that X-ray diffraction 
5 testing is incapable of differentiating between the alumina and titania particles. 



Brief Description of the Drawings 

10 

Figure 1 shows the X-ray diffraction patterns of alumina-titania composites prepared by conventional 
methods and by the instant coprecipitation process. Figure 1A shows the X-ray diffraction pattern of a 
coprecipitated atumina-titania composition containing 15% by weight titania uniformly distributed in the 
alumina matrix and exhibiting no anatase peak; Figure 1 B shows the X-ray diffraction pattern of an aiumina- 

75 titania coprecipitated composition containing 40% by weight titania uniformly distributed in the alumina 
matrix and exhibiting no anatase peak; and Figure 1C shows the X-ray diffraction pattern of a conventional 
alumina-titania composite, prepared by impregnation and containing 15% titania by weight. The X-ray 
diffraction pattern for the composite, made by impregnation, shows the presence of anatase. 

Figure 2 shows a comparison of titania crystallite sizes in alumina-titania composites prepared by 

20 different methods. Figure 2A depicts the titania crystallite size in an alumina-titania composite prepared by 
physical admixture of alumina and titania powders by means of an aqueous slurry; Figure 2B shows the 
average titania particle size in an alumina-titania composite prepared by admixture of alumina and titania 
powders; and Figure 2C shows the average titania particle size in an alumina-titania composite prepared by 
coprecipitation according to the invention. 

25 Figure 3 shows the activity of the novel, coprecipitated alumina-titania catalyst in resid upgrading in 

comparison to conventionally prepared commercial aluminatitania catalyst. 



Detailed Description of the Invention 

30 

This invention relates to the preparation of a novel alumina-titania composites. More particularly, this 
invention concerns a novel alumina-titania composite containing from about 0.5% up to about 50% titania, 
preferably from about 10 to about 25% by weight (calculated as Ti02 and based on the total weight of the 
35 composite), prepared by coprecipitation from water-soluble aluminum and titanium salts. The produced 
alumina-titania composite is characterized by the uniform distribution of the titania within the alumina matrix, 
the uniformity being determined by the inability to detect the presence of titania particles in the matrix by 
X-ray diffraction tests. 

Suitable aluminum salts utilized in the coprecipitation include the water-soluble alkali salts of aluminum, 

40 for example sodium or potassium aluminates of the general formula MAIO2. The concentration of the alkali 
aluminate solutions employed in the coprecipitation is suitably selected to be in the range from about 300 
g/l to about 500 g/l, calculated as M2CO3 g/I where M can be either Na or K. If desired, acidic, water- 
soluble aluminum salts, such as AJCI3,. AI2SO4 or AINO3, can also be utilized in the preparation of the 
aluminum-titanium composite. 

45 The water-soluble titanium salts employed in the preparation of the instant coprecipitated alumina-titania 
composite include titanium trichloride (TiCI 3 ) and titanium oxychloride or oxysulfate (TiOS04 or T1OCI2). 
The concentration of the titanium salts utilized in the instant coprecipitation process are suitably selected to 
be in the range from about 10 g/l to about 180 g/l calculated as Ti. 

The preparation of the coprecipitated alumina-titania composite can be accomplished either in a 

50 batchwise, semi-continuous or continuous manner. Regardless of which type is utilized for the preparation 
of the composite, care is to be taken to combine the two aqueous streams of reactants in a predetermined 
ratio in order to obtain the desired titania content in the composite. 

The temperatures utilized in the preparation of the coprecipitated alumina-titania composite are 
generally below 100* C, preferably below about 90* C. A suitable temperature range, within which the 

55 formation of the coprecipitated alumina-titania composite proceeds at a reasonable rate, was found to be 
within 20-70* C. Temperatures, lower than about 20- C can also be employed, but at these temperatures 
the rate of alumina-titania formation may be unacceptably low from a commercial point of view. 

To obtain the desirable titania distribution within the alumina matrix, the pH of the coprecipitation should 

3 
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be controlled within the pH range from about 4 to about 10, preferably from 6 to 9. Control of pH can be 
achieved by adjustment of the pHof one or both streams, by addition of the reactants at a controlled rate or 
in case of a continuous coprecipitation process by controlled recycling of the already reacted mixture to the 
coprecipitation reaction. The pH control to be employed in the instant coprecipitation reaction is within the 

5 discretion of the operator of the process and any conventional process may be utilized provided the desired 
pH range is achieved during the coprecipitation reaction. 

Once the coprecipitation reaction is complete the alumina-titania composite is recovered from the 
reaction mixture. Recovery of the solid alumina-titania product can be achieved by conventional means, for 
example by filtration, centrifugation or by using settlers for the separation of the solid product from the 

70 mother liquid. 

The recovered solids are generally washed to remove adhered reactants, then dried at temperatures 
sufficient to remove any liquid from the surface of the alumina-titania product. Drying is usually accom- 
plished at temperatures in excess of about 100° C when the drying is at atmospheric pressure or moisture 
removal can be accomplished by using vacuum or a combination of heat and vacuum. 

rs The alumina-titania composite prepared in accordance with the guidelines set forth hereinabove exhibits 
a titania content uniformly 'distributed within the alumina matrix and thus exhibits unexpectedly high catalytic 
activity which makes it eminently suitable for the preparation of catalysts or catalyst supports. 

In the event the alumina-titania composite of the instant invention is to be utilized as a catalyst, for 
example as a Claus catalyst for the removal of organic sulfur compounds from offgases, then the composite 

20 is calcined at a temperature in excess of about 300° C to stabilize its properties by converting the alumina 
phase to gamma or other stable alumina form. The composite may also be shaped either before or after 
calcination, for example spheres, extrudates or other well-known shapes may be prepared depending on the 
nature of the intended use of the high activity alumina-titania catalyst. 

If the alumina-titania composite is to be utilized in the petroleum refining field, the substrate can be 

25 impregnated with metals, such as metals of Group VI, Group VIII. Group IVB of the Periodic Table. Thus, for 
example if the alumina-titania composite of the invention is used as a substrate for the preparation of 
alumina-nickel-titania-molybdenum catalyst or for alumina-zirconia-titania catalyst, then the coprecipitated 
composite can be shaped into any desired shape by conventional techniques and then impregnated with 
the additional catalytic promoter(s). Shaping can take place before the alumina-titania composite is 

30 combined with the additional promoter(s), or after the promoter has been added to the composite. The 
preparation of the catalyst can proceed in the conventional manner, for example by impregnation of the 
alumina-titania composite with the promoter, or by physical admixture of the promoter with the composite. If 
desired the composite can be calcined prior to the incorporation of the promoter, or after the incorporation 
of the promoter; and in some instances calcination both before and after is desirable. In any event, the 

35 alumina-titania composite prepared in accordance with the present invention, exhibits significantly improved 
activity over the prior art alumina-titania composites which makes it eminently suitable for being used as a 
catalyst or catalyst support. 

The following examples will better illustrate the present invention, some preparation and use examples 
are given, which in no way are intended to be limiting the scope of the invention. 

40 

Example I 

45 An alumina-titania composite was prepared using an aqueous solution of NaAI0 2 as the alumina source 
and an aqueous solution of TiOCk as the titania source. The sodium aluminate solution, containing 360 g/I 
Al 2 0 3 and 500 g/i Na 2 C0 3( was introduced in a reactor at the rate of 500 ml/min., while the titanium 
oxychloride solution, containing about 118 g/I Ti, was introduced into the reactor at the rate of about 125 
ml/min. In order to obtain the proper pH in the reaction mixture, 31% by vol. HCI was added to the reactor 

50 at the rate of about 350 ml/min. The reactor temperature was maintained at about 50-57° C during the 
reaction. After 40 minutes of vigorous mixing the formed alumina-titania solids were separated from the 
mother liquor by filtration and the composite was analyzed. 

The composite had a titania content of 13.4% by weight, calculated as Ti02. (calcined at 1000* C), a 
loss on ignition of 26% by weight and a BET surface area after calcination at 600° C for 1 hour of 275 

55 m 2 /g. When the calcined composite was subjected to X-ray diffraction analysis, using copper Ka alpha 
radiation, the presence of titania, due to a particle size below about 50 angstroms and the highly uniform 
dispersion of these particles within the alumina matrix, could not be detected. In contrast, alumina-titania 
composites prepared by conventional methods, such as physical admixture, using varying quantities of 
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titania, exhibited anatase peaks when tested by X-ray diffraction. The presence of the anatese peak 
indicated the nonuniformity of the admixture. The X-ray diffraction comparison of the differing alumina- 
titania composites is shown in Figure 1. The crystallite size of the titania in the differing alumina-titania 
composites was also compared. The results of the comparison are graphically shown in Figure 2. 

5 

Example II 

70 Preparation of the novel alumina-titania coprecipitated composite was repeated using TiOSO* as the 
titanium salt The reaction conditions described in the previous Example were utilized in this case as well, 
including the pH and temperature conditions. The produced alumina-titania composite was analyzed and the 
analysis provided the following data. The titania content was 10.0% by weight, calculated as Ti02 f when 
calcined at 1000* C, the surface area was 261 m 2 /g after calcination for 1 hour at 600* C and the 

75 composite had a loss on ignition of about 30.3% by weight when subjected to calcination for 1 hour at 
1000* C. X-ray diffraction analysis of the calcined composite indicated uniform distribution of the titania 
within the alumina matrix since no peak, characteristic for anatase, was observable. 



20 Example 111 



A coprecipitated alumina-titania composite, prepared in accordance with the method disclosed in 
Example I, was utilized for the preparation of an extruded Ni-Ti-Mo hydro-desulfurization catalyst. 1989 g 

25 alumina-titania composite, having a volatile content of 24.6% by weight and 15% by weight Ti02 content, 
was placed in a "Simpson Mix-Muller" apparatus and 800 ml of aqueous HNOa solution, containing about 
30 g of 70% by weight HNOa, was slowly added to the composite over a period of about 10-15 minutes, 
while mix-mulling the mixture. Mixing was continued for an additional hour and during this time period 
small, aliquot quantities of deionized water were added until a mass of extrudable quality was formed. The 

30 mass was then extruded through a die providing tetralobe shaped extrudates. The extruded shapes were 
allowed to stand in open air for about 1-2 hours, then dried in air at about 120* C overnight The dried 
shapes were the calcined in the presence of steam at a temperature of about 538* C for a period of about 
3 hours. The produced extruded shapes had a pore volume (H 2 0) of 0.8 cc/g. 

The extruded shapes were then prepared to be impregnated with solutions containing nickel and 

35 molybdenum respectively. The Mo-containing solution was prepared by dispersing 147.24 g of (NH*)- 
sM07024.4H20 in 500 ml deionized water and by gently heating the dispersion to about 40* C. To the 
dispersion 75 ml NH*OH solution, containing 29.5% by weight NH 3 , was slowly added under constant 
stirring. Stirring was continue until a clear solution was obtained. The solution was then cooled and diluted 
with deionized water to a total volume of 674 ml. 

40 The extruded shapes were then placed into a mechanical mixer and the Mo-containing solution was 
slowly sprayed on the shapes under continuous mixing. The wet, impregnated shapes were then allowed to 
stand for 1 -2 hours in air, followed by drying overnight at about 1 20 * . 

The Ti and Mo-containing extruded shapes were then impregnated with a solution containing Ni. The 
solution was prepared by disisolving in 673.8 ml H 2 0 sufficient Ni(NOa) 2 to provide an NiO concentration of 

45 0.241 g/ml. This solution was then applied to the dried shapes in the same manner as shown for the Mo- 
containing solution. The impregnated shapes were then dried overnight at 120* C followed by calcination 
for 2 hours at about 538* C. 

The activity of the finished catalyst was then compared to the activity of a catalyst prepared by the 
conventional titania impregnation method in resid upgrading service. Identical test conditions were utilized 

so for both catalysts during the tests and results obtained were compared. The results of the comparison are 
also shown graphically in Figure 3. 

It has been found that the catalyst, prepared from the unique alumina-titania coprecipitated composite, 
exhibited an activity corresponding to a 50 % increase over the activity achieved with the conventionally 
prepared alumina-titania composite. The activity comparison was accomplished by observing the perceht- 

55 age increase of the rate constant for hydrodesulfurization after 800 hours. The results of the comparative 
test are also shown graphically in. Figure 3. 
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Example IV 



The alumina-titania composite, prepared by the novel coprecipitation method disclosed herein, was also 
utilized as a catalyst in the well-known Claus process for the conversion of the organic sulfur compounds to 
H 2 S and sulfur. It was found, that when the activity of the coprecipitated alumina-titania catalyst was 
compared to the activity of a conventionally prepared alumina-titania Claus catalyst (prepared by physical 
admixture of the alumina and titania components in the same weight ratio as found in the coprecipitated 
composite) the conversion of the organic sulfur compounds, determined by measurement of the rate of 
conversion, was achieved at a lower temperature (indicating increased activity), than was required for the 
conventional alumina-titania Claus catalyst. The results of the comparison study are shown in the Table. 



Table 



75 



Conversion of CS2 by Aiumina-Titania Composites 


Alumina - Titania Composite Type 


Conversion 


320 "C 


340 *C 


1. Alumina dipped in TiCU soln. (12.8% T1O2 in composite) 

2. Alumina dipped in TiCU soln. (13.3% Ti02 in composite) 

3. Physical admixture of alumina and titania (11 .0% Ti02 content in composite) 

4. Coprecipitated alumina-titania (13.4% T1O2 content in composite) 


41% 
85% 


61% 
39% 
85% 
97% 



20 



25 



30 



it can be clearly observed from the results shown in the Table that the coprecipitated alumina-titania 
composite exhibits significantly increased activities in the Claus process. 

Thus, the uniform distribution of the titania component in the unique, coprecipitated alumina-titania 
composite, in combination with the small titania crystallite size produced by the instant coprecipitation 
method, results in catalyst and catalyst supports of significantly increased activity, which heretofore could 
not be achieved with conventional alumina-titania composites. 



35 



40 



45 



50 
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Claims 

1. A coprecipitated alumina-titania composite comprising from about 0.5% up to about 50% by weight 
titania as Ti02, the titania being uniformly distributed in an alumina matrix, the average size of the uniformly 
distributed titania particles being below 50 angstroms, the uniformity of the distribution of the titania 
particles in the alumina matrix being characterized by an X-ray diffraction pattern incapable of distinguishing 
between the alumina and titania particles when the coprecipitated alumina-titania composite is calcined at 
temperatures in excess of about 300 " C. 

2. The alumina-titania composite of claim 1 , wherein the composite is prepared by coprecipitation of a 
water-soluble titanium salt and a water-soluble aluminum salt. 

3. The alumina-titania composite of claim 2, wherein the water-soluble titanium salt is selected from the 
group consisting essentially of TiCfe, T1OSO4. TiOCl2 or mixtures thereof. 

4. The alumina-titania composite of claim 2, wherein the water-soluble aluminum salt is sodium or 
potassium aluminate. 

5. The alumina-titania composite of claim 2, wherein the water-soluble aluminum salt is an acidic 
aluminum salt selected from the group consisting essentially of AI(N0 3 )3. AICI 3( AI 2 (SCM 3 or mixtures 
thereof. 

6. The alumina-titania composite of claim 1, wherein the alumina matrix of the uncalcined composite 
consists essentially of pseudoboehmitic alumina. 

7. The alumina-titania composite of claim 1 , wherein the titania content of the composite is within the 
range from about 10% to about 40% by weight of the composite. 

8. A catalyst for the conversion of the COS, CS 2 and SO2 content of Claus process offgases to produce 
environmentally harmless offgases which comprises a coprecipitated alumina-titania composite containing 
from about 0.5% up to about 50% by weight titania (Ti0 2 ) uniformly distributed in the alumina matrix, the 
average particle size of the uniformly distributed titania particles being less than about 50 angstroms, the 
uniformity of titania distribution in the alumina matrix being further characterized by the lack of the presence 
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of an anatase peak when the coprecipitated composite is calcined at a temperature in excess of about 300* 
C and subjected to X-ray diffraction analysis, the titania component of the coprecipitated composite being 
derived from a water-soluble titanium salt selected from the group consisting essentially of TICI3, TiOCl2» 
TiOSOd or mixtures thereof, and the alumina matrix is produced from a water-soluble aluminum salt. 
5 9. The catalyst of claim 8, wherein the catalyst, prior to being used for the conversion of Claus process 
offgases, is shaped and then calcined at a temperature in excess of about 300. 

10. The catalyst of claim 8, wherein the alumina matrix of the coprecipitated composite is a 
pseudoboehmitic alumina. 

11. A petroleum refining catalyst made from a coprecipitated alumina-titania composite, wherein the 
.10 alumina-titania composite contains from about 0.5% up to about 50% by weight of titania (Ti02), the titania 

content of the composite being characterized by an average particle size below about 50 angstroms and a 
uniform distribution within the alumina matrix of the composite, the uniformity of the distribution being- 
evidenced by the absence of an anatase peak by X-ray diffraction analysis when the coprecipitated 
composite is calcined at a temperature in excess of about 300* C and subjected to X-ray analysis, the 
75 catalyst being further characterized by an added metal content, the added metal being selected from the 
group consisting essentially of Group VI, Group VIII t Group IVB metals or mixtures thereof. 

12. The catalyst of claim 11, wherein the alumina-titania coprecipitated composite is shaped, then 
calcined, followed by impregnation with one or more metals selected from group consisting essentially of 
Group VI, Group VIII, Group IVB metals or mixtures thereof. 

20 13. The catalyst of claim 11, wherein the titania content of the coprecipitated composite is in the range 
from about 10% to about 25% by weight. 

14. The catalyst of claim 12, wherein the catalyst is a calcined, extruded, polylobal shape. 

15. A process for making a coprecipitated alumina-titania composite containing from about 0.5% up to 
about 50% by weight titania (Ti02) and characterized by a titania average particle size below about 50 

25 angstroms, a uniform distribution of titania in the alumina matrix demonstrated by the absence of an 
anatase peak when the composite, calcined at a temperature in excess of about 300 * C, is subjected to X- 
ray diffraction testing, which comprises: 

(a) combining, at a temperature below 100* C, an aqueous solution of a titanium salt and an aqueous 
solution of an aluminum salt wherein the titanium salt is selected from the group consisting essentially of 

30 TiCh, TiOCl2, T1OSO4 or mixtures thereof and the aluminum salt is selected from the group consisting 
essentially of alkali aluminates or acidic aluminum salts, 

(b) maintaining a pH during coprecipitation within the range from about 4 to about 10; 

(c) recovering an alumina-titania composite by separating the precipitated alumina-titania composite 
from the aqueous media; 

35 (d) washing and drying the recovered alumina-titania composite. 

16. A process according to claim 15, wherein the concentration of the aqueous titanium salt solution 
employed for the coprecipitation process is within the range from about 10 g/l to about 180 g/l, calculated 
as Ti. 

40 17. Process according to claim 15, wherein the water-soluble aluminum salt is an alkali aluminate and 
the concentration of the alkali aluminate solution employed in the coprecipitation reaction is within the range 
from about 300 g/l to about 500 g/l, calculated as M 2 C0 3 g/l, where M is sodium or potassium. 

18. Process according to claim 15, wherein the temperature of the coprecipitation is maintained within 
the range from about 20* C to about 70* C. 

45 19. Process according to claim 15, wherein the pH of the coprecipitation is maintained within the range 
from about 6 to about 9. 

20. Process according to claim 15, wherein the recovered composite is calcined at a temperature in 
excess of about 300 * C. 

21 . Process according to claim 20, wherein the recovered alumina-titania composite is shaped prior to 
so calcination. 

22. Process according to claims 20 or 21, wherein the composite is impregnated with a metal- 
containing solution, the metal being selected from the group consisting essentially of Group VI, Group VIII, 
Group IVB metals and mixtures thereof. 

23. Process according to claim 21 wherein the composite is employed for petroleum refining. 
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24. Process according to claim 20 or 21 1 wherein the composite is employed for the conversion of the 
COS, CS2 and SO2 content of Claus process offgases. 

5 Claims for the following Contracting State: ES 

1. A process for making a coprecipitated alumina-titania composite containing from about 0.5% up to 
about 50% by weight titania (T1O2) and characterized by a titania average particle size below about 50 
angstroms, a uniform distribution of titania in the alumina matrix demonstrated by the absence of an 

10 anatase peak when the composite, calcined at a temperature in excess of about 300* C, is subjected to X- 
ray diffraction testing, which comprises: 

(a) combining, at a temperature below 100* C, an aqueous solution of a titanium salt and an aqueous 
solution of an aluminum salt wherein the titanium salt is selected from the group consisting essentially of 
TiCfe. TiOCU, TiOSO* or mixtures thereof and the aluminum salt is selected from the group consisting 

75 essentially of alkali aluminates or acidic aluminum salts, 

(b) maintaining a pH during coprecipitation within the range from about 4 to about 10: 

(c) recovering an alumina-titania composite by separating the precipitated alumina-titania composite 
from the aqueous media; 

(d) washing and drying the recovered alumina-titania composite. 

20 

2. A process according to claim 1, wherein the concentration of the aqueous titanium salt solution 
employed for the coprecipitation process is within the range from about 10 g/l to about 180 g/l, calculated 
as Ti. 

3. Process according to claim 1, wherein the water-soluble aluminum salt is an alkali aluminate and the 
25 concentration of the alkali aluminate solution employed in the coprecipitation reaction is within the range 

from about 300 g/l to about 500 g/l, calculated as (vUCOs g/l f where M is sodium or potassium. 

4. Process according to claim 1 f wherein the temperature of the coprecipitation is maintained within the 
range from about 20* C to about 70* C. 

5. Process according to claim 1, wherein the pH of the coprecipitation is maintained within the range 
30 from about 6 to about 9. 

6. Process according to claim 1, wherein the recovered composite is calcined at a temperature in 
excess of about 300* C. 

7. Process according to claim 6. wherein the recovered alumina-titania composite is shaped prior to 
calcination. 

35 8. Process according to claims 6 or 7, wherein the composite is impregnated with a metal-containing 
solution, the metal being selected from the group consisting essentially of Group VI, Group VIII, Group IVB 
metals and mixtures thereof. 

9. Process according to claim 7 wherein the composite is employed for petroleum refining. 

10. Process according to claim 6 or 7, wherein the composite is employed for the conversion of the 
40 COS, CS2 and SO2 content of Claus process offgases. 

11. A coprecipitated alumina-titania composite comprising from about 0.5% up to about 50% by weight 
titania as Ti02, the titania being uniformly distributed in an alumina matrix, the average size of the uniformly 
distributed titania particles being below 50 angstroms, the uniformity of the distribution of the titania 
particles in the alumina matrix being characterized by an X-ray diffraction pattern incapable of distinguishing 

46 between the alumina and titania particles when the coprecipitated alumina-titania composite is calcined at 
temperatures in excess of about 300* C. 

12. The alumina-titania composite of claim 11, wherein the composite is prepared toy coprecipitation of 
a water-soluble titanium salt and a water-soluble aluminum salt. 

13. The alumina-titania composite of claim 12, wherein the water-soluble titanium salt is selected from 
50 the group consisting essentially of TiCb, TiOS04. TiOCb or mixtures thereof. 

14. The alumina-titania composite of claim I2,wherein the water-soluble aluminum salt is sodium or 
potassium aluminate. 

15. The alumina-titania composite of claim 12, wherein the water-soluble aluminum salt is an acidic 
aluminum salt selected from the group consisting essentially of AI(N03)a, AICI3. AfefSOOs or mixtures 

55 thereof. 

16. The alumina-titania composite of claim 11, wherein the alumina matrix of the uncaicined composite 
consists essentially of pseudoboehmitic alumina. 



8 



EP 0 339 640 A1 



17. The alumina-titania composite of claim 11, wherein the titania content of the composite is within the 
range from about 10% to about 40% by weight of the composite. 

18. A catalyst for the conversion of the COS, CS2 and SOs content of Claus process offgases to 
produce environmentally harmless offgases which comprises a coprecipitated alumina-titania composite 
containing from about 0.5% up to about 50% by weight titania (Ti02> uniformly distributed in the alumina 
matrix, the average particle size of the uniformly distributed titania particles being less than about 50 
angstroms, the uniformity of titania distribution in the alumina matrix being further characterized by the lack 
of the presence of an anatase peak when the coprecipitated composite is calcined at a temperature in 
excess of about 300* C and subjected to X-ray diffraction analysis, the titania component of the 
coprecipitated composite being derived from a water-soluble titanium salt selected from the group 
consisting essentially of T1CI3, TiOCfe, TiOSO* or mixtures thereof, and the alumina matrix is produced from 
a water-soluble aluminum salt. 

19. The catalyst of claim 18, wherein the catalyst, prior to being used for the conversion of Claus 
process offgases, is shaped and then calcined at a temperature in excess of about 300. 

20. The catalyst of claim 18,wherein the alumina matrix of the coprecipitated composite is a 
pseudoboehmitic alumina. 

21. A petroleum refining catalyst made from a coprecipitated alumina-titania composite, wherein the 
alumina-titania composite contains from about 0.5% up to about 50% by weight of titania (Ti02), the titania 
content of the composite being characterized by an average particle size below about 50 angstroms and a 
uniform distribution within the alumina matrix of the composite, the uniformity of the distribution being 
evidenced by the absence of an anatase peak by X-ray diffraction analysis when the coprecipitated 
composite is calcined at a temperature in excess of about 300 " C and subjected to X-ray analysis, the 
catalyst being further characterized by an added metal content, the added metal being selected from the 
group consisting essentially of Group VI, Group VIII, Group IVB metals or mixtures thereof. 

22. The catalyst of claim 21, wherein the alumina-titania coprecipitated composite is shaped, then 
calcined, followed by impregnation with one or more metals selected from group consisting essentially of 
Group VI, Group VIII, Group IVB metals or mixtures thereof. 

23. The catalyst of claim 21, wherein the titania content of the coprecipitated composite is in the range 
from about 10% to about 25% by weight. 

24. The catalyst of claim 22. wherein the catalyst is a calcined, extruded, polylobal shape. 
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